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ABSTRACT 
Oil has been a major contribution in the world energy supply nowadays. As fossil fuel 
become exhausted every day, alternative fuel like biodiesel which sustainable and 
renewable has become potential substitute. Majority biodiesel are made from vegetable 
oil but create imbalance to food supply chain. In order to avoid this problem, waste 
cooking oil has been discovered as a very prospective and cheap feedstock for biodiesel. 
The objective of this study is to learn the batch kinetic esterification of waste cooking 
oil using Sulphuric acids as catalyst over a wide range of methods by evaluating the a 
few parameters such as the stirring speed, the effect of temperature condition and 
methanol to oil molar ratio. 
Simulated waste cooking oil with 5% free fatty acids is prepared by adding oleic acid 
into virgin oil to be use as feedstock for this study. The experiment will be done using 
methanol as the solvent by manipulating the oil and methanol ratio, varying the stirring 
speed or revolutions per minute (rpm), and changing the temperature. The best result 
found at 150 minutes of the experiment is with oil and methanol molar ratio of 1:15, 
600 rpm stirring speed and temperature 60°C as the optimum condition for the pre-
treatment of feedstock for biodiesel production.
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ABSTRAK 
Minyak merupakan antara penyumbang utama dalam bekalan tenaga dunia masa kini. 
SedasawarSa mi, minyak daripada sumber galian semakin berkurangan, minyak 
alternatif seperti biodiesel yang lestari dan boleh diperbaharui merupakan pengganti 
yang berpontensi. Majoriti biodiesel dihasilkan daripada minyak sayuran yang boleh 
menyebabkan bekalan makanan menjadi tidak seimbang. Untuk mengatasi masalah mi, 
minyak masak terpakai didapati mempunyai prospek dan murah untuk dijadikan sebagai 
bahan mentah menghasilkan biodiesel. Objektif kajian mi adalah untuk mengenal pasti 
pengesteran kinetik secara berkelompok untuk simulasi minyak masak terpakai 
menggunakan asid sulfurik sebagai mangkin dengan mengubah suai beberapa parameter 
seperti mengatasi rintangan pemindahan jisim, impak perubahan suhu dan nisbah mol 
antara methanol dengan minyak. 
Simulasi minyak masak terpakai yang mengandungi 5% asid lemak bebas disediakan 
dengan menambah asid oleic ke dalam minyak masak asli sebagai bahan mentah untuk 
kajian mi. Eksperimen mi dijalankan menggunakan methanol sebagai solven dengan 
mengubah suai nisbah minyak dan methanol, membezakan kelajuan pengacau dan 
menukar suhu. Keputusan eksperimen mendapati pada minit ke 150, nisbah 1:15 bagi 
minyak dan methanol, kelajuan pengacau setinggi 600 rpm dan suhu 60°C merupakan 
keadaan yang optimum bagi pre-rawatan bahan mentah untuk penghasilan biodiesel.
VIII
TABLE OF CONTENTS 
SUPERVISOR'S DECLARATION 	 . IV 
STUDENT'S DECLARATION...................................................................................... V 
ACKNOWLEDGEMENT.............................................................................................. VI 
ABSTRACT................................................................................................. .................. VII 
ABSTRAK................................................................................................................... VIII 
TABLEOF CONTENTS ................................................................................................ Ix 
LISTOF FIGURES ......................................................................................................... x 
LISTOF TABLES .......................................................................................................... xi 
LISTOF ABBREVIATIONS ........................................................................................ xii 
1	 INTRODUCTION ....................................................................................................1 
1.1	 Motivation and statement of problem ................................................................1 
1.2	 Objectives...........................................................................................................1 
1.3	 Scope of this research.........................................................................................1 
1.4	 Main contribution of this work ..........................................................................2 
1.5	 Organisation of this thesis..................................................................................2 
2	 LITERATURE REVIEW ......................................................................................... 3 
2.1	 Overview............................................................................................................ 3 
2.2	 Introduction........................................................................................................ 3 
2.3	 Fuel..................................................................................................................... 6 
2.4	 Biodiesel............................................................................................................. 6 
2.5	 Feedstock for Biodiesel Production................................................................... 7 
2.5.1	 Edible	 Oil.................................................................................................... 7 
2.5.2	 Non-edible Oils and Algae ......................................................................... 7 
2.5.3	 Cooking Oil (WCO).................................................................................... 8 
2.6	 Biodiesel Production.......................................................................................... 9 
2.6.1	 Transesterification Reaction....................................................................... 9 
2.6.2	 Esterification Reaction .............................................................................. 10 
2.7	 Summary.......................................................................................................... 12 
3	 MATERIALS AND METHODS............................................................................ 13 
3.1	 Overview.......................................................................................................... 13 
3.2	 Introduction ...................................................................................................... 13 
3.3	 Chemicals......................................................................................................... 13 
3.4	 Sample Preparation.......................................................................................... 13 
3.5	 Apparatus	 Setup............................................................................................... 13 
3.6	 Experiment Procedure...................................................................................... 14 
3.7	 Sample Test Method (Acid Number Determination)....................................... 16 
3.8	 Free Fatty Acids Calculation............................................................................ 16 
4	 RESULTS AND DISCUSSION............................................................................. 18 
4.1	 Results.............................................................................................................. 18 
4.2	 Discussion........................................................................................................ 19 
5	 CONCLUSION....................................................................................................... 22 
5.1
	 Conclusion ........................................................................................................ 22 
5.2	 Future work ............................... ....................................................................... 22
REFRENCES..................................................................................................................23 
IX 
LIST OF FIGURES 
Figure 2.1: World total energy supply by fuel (Mtoe) in year 2006 (excluding electricity 
and heat tread). Total: 11,741 million tonnes of oil equivalent (Mtoe) by 
Lametal. (2010)..........................................................................................4 
Figure 2.2: Vegetable Ending Stock and Biodiesel Production Year 1992-2005 by Gui 
etal. (2008).................................................................................................. 5
 Figure 2.3: Quantity of Waste Edible Oil in various Countries Worldwide by Gui et al. 
(2008)...........................................................................................................6 
Figure 2.4: Transesterification reaction of triglycerides (Y.C. Sharma, B. Singh., 2008) 
...................................................................................................9 
Figure 2.5: Esterification reaction by K. Srilatha et al. (2012)......................................10 
Figure3.1: Apparatus Setup...........................................................................................14 
Figure 4.1: Graph for Temperature Effect on Reaction..................................................19 
Figure 4.2: Graph for Stirring Speed .................... .......................................................... 20 
Figure 4.3: Result for Different Methanol-Oil Ratio......................................................21
LIST OF TABLES 
Table 4.1: Result for Temperature Effect on Reaction.................................................18 
Table 4.2: Result for Stirring Speed..............................................................................18 
Table 4.3: Result for Different Methanol-Oil Ratio......................................................18
LIST OF ABBREVIATIONS 
EPA Environmental Protection Agency 
FFA Free fatty acid 
FAME Fatty acid methyl ester 
GHG Green house gases 
Mtoe Million Tonnes of Oil Equivalent 
HPAs Heteropoly acids 
rpm Revolutions per minute 
TPA Tungstophosphoric acid 
WCO Waste cooking oil 
wt. Weight
I INTRODUCTION 
1.1 Motivation and statement ofproblem 
Oil has been a major contribution in the world energy supply nowadays. As fossil fuel 
become exhausted every day, alternative fuel like biodiesel which sustainable and 
renewable has become potential substitute. Majority biodiesel are made from vegetable 
oil but create imbalance to food supply chain. In order to avoid this problem, waste 
cooking oil has been discovered as a very prospective and cheap feedstock for biodiesel. 
Gan et al. (2010) claimed that the feedstock used for transesterification should contain 
no more than 1% of FFA to avoid the formation of soap which hinders the final 
separation of FAME (fatty acid methylesters) from glycerol and reduces the yield of 
FAME. They also found that waste cooking oil with high content of FFA will contribute 
to hydrolysis of triglycerides, which consumes the catalyst and lowers the yield of 
biodiesel. Lam et al. (2010) also mentioned that when water is present it can hydrolyze 
triglycerides to diglycerides and form free fatty acid, especially at high temperatures. 
The FFA will consequently react to form soap with the presence of base catalyst. In 
order to prevent these problems, a pre-treatment process which is called esterification 
process need to be done before transesterification (Srilatha et al., 2009). Sulphuric acid 
is used as the catalyst for esterifcation process as it has high level of dissociation and 
homogenous. 
1.2 Objectives 
To study the batch kinetic by evaluating the following parameters: - 
Stirring Speed 
The effect of temperature condition 
Methanol to oil molar ratio 
1.3 Scope of this research 
The following are the scope of this research: 
i)	 Focus only on simulated waste cooking oil as feedstock 
Limited only for pre-treatment process 
iii)	 Altering thea
 stirring speed to eliminate mass transfer resistance
iv) Change of temperature condition 
v) Alter the ratio of methanol and oil 
1.4 Main contribution of this work 
The main contribution of this work will be to analyze the effectiveness and the optimum 
conditions for esterification of free fatty acids in simulated waste cooking oil using 
sulphuric acids as catalyst. Furthermore, to lessen dependant on fossil fuel, to avoid 
competition between plants for food and for biodiesel and to utilize used cooking oil 
rather being disposed. 
1.5 Organisation of this thesis 
The structure of the reminder of the thesis is outlined as follow: 
Chapter 2 provides a brief introduction and literature review regarding the research 
project from global perspective to economic standpoint and scientific viewpoint. This 
literature review also provides a discussion of the abundant of suitable biodiesel 
feedstock, transesterification reaction, esterification reaction and numerous of catalyst 
used for biodiesel production. A summary of the previous experimental work 
transesterification reaction, esterification reaction and catalyst used for biodiesel 
production is also presented. 
Chapter 3 gives a review of the esterification reaction, setup process and how the 
experiment is run in complete step by step procedures. The method to evaluate the 
performances of the reaction with three different parameters in similar condition by 
varying the value of each parameter to obtain the experimental data. 
Chapter 4 is devoted to data that gathered from the experiments done and discussion 
regarding the results that are obtained. A brief review of the plotted graphs from the 
experimental values from each parameter. A detailed discussion concerning the 
conditions for esterjfication of free fatty acids in simulated waste cooking oil using 
sulphuric acids as catalyst.
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2 LITERATURE REVIEW 
2.1 Overview 
This paper presents the experimental studies for esterification of free fatty acids in 
simulated waste cooking oil using sulphuric acids as catalyst. A brief introduction and 
literature review regarding the research project from global perspective to economic 
standpoint and scientific viewpoint. This literature review also provides a discussion of 
the abundant of suitable biodiesel feedstock, transesterification reaction, esterification 
reaction and numerous of catalyst used for biodiesel production. A summary of the 
previous experimental work transesterification reaction, esterification reaction and 
catalyst used for biodiesel production is also presented. 
2.2 Introduction 
With the tremendous demand of energy, a lot of energy sources have been exploit 
especially in renewable energy like biodiesel. In the figure below shows that oil is the 
biggest contributor to the world energy supply in year 2006. Consecutively not to 
depend too much on fossil fuel which will be depleted one day biodisel have perceived 
as very potential and sustainable fuel.
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Figure 2.1: World total energy supply by fuel (Mtoe) in year 2006 (excluding electricity 
and heat tread). Total: 11,741 million tonnes of oil equivalent (Mtoe) by Lam et al. 
(2010) 
Biodiesel nowadays is mostly produced from virgin vegetable oil and this creates 
competition between vegetable for food and for biodiesel production. In Figure 2.2 
below proved that biodiesel production creates competition with vegetable as food 
stock.
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Figure 2.2: Vegetable Ending Stock and Biodiesel Production Year 1992-2005 by Gui 
et al. (2008) 
In order to avoid the competition between plant crops for food and plant oils for fuel. 
Waste cooking oil has been seen as a very prospective and cheap feedstock as a 
feedstock for biodiesel. In Figure 2.3, the table shows the abundant of waste cooking oil 
that has not been well utilized. Besides, according to a report entitled "EPA's 
(Environmental Protection Agency) Renewable Fuel Standard Program Regulatory 
Impact Analysis" (P. Kumaran et al., 2011) released in February 2010, biodiesel 
produced from waste cooking oil has the potential to reduce the green house gases 
(GHG) emission for up to 86% compared to soy based biodiesel which only results in 
57% reduction of GHG compared to fossil fuel.
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Quantity of waste edible oil (WEO) in various countries worldwide 
Country	 Quantity (million tons/year) 
China [43] 4.5 
Malaysia ( 44 1 0.5 
United States (45) 10.0 
Taiwan 14 1 007 
European 1471 0.7-1.0 
Canada (47) 0.12 
Japan [48) 0.45-0.57
Figure 2.3: Quantity of Waste Edible Oil in various Countries Worldwide by Gui et al. 
(2008) 
2.3 Fuel 
Fuel has become a necessity all around the globe especially to the developed countries. 
For decades, fossil fuel such as petroleum, natural gas and coal have played essential 
roles as the major energy resources as (Gui et al., 2008). As the global demand for fuel 
increase annually, the price of fossil fuel has become substantially high. In order not to 
depend on fossil fuel too much, a lot of alternatives have been discovered and one of 
them is biodiesel. Gan et al. (2012) reviewed that many countries around the world in 
recent years has been highly prioritised in research into sustainable alternative fuels. 
One of the advantages of biodiesel compared to fossil diesel is, biodiesel as cleaner fuel 
as it is free from carcinogens and less sulphur content than the fossil diesel (Sharma and 
Singh, 2008). Furthermore, Kulkami and Dalai (2006) emphasize that biodiesel have 
the potential to reduce the amount of carbon dioxide, particulate matter and greenhouse 
gas as biodiesel is biogenic and renewable. Additionally, the high flash-point of 
biodiesel (about 198°C), as compared to liquefied fossil fuels, makes them safe to store 
and transport (Yusaf et al., 2011). 
2.4 Biodjesel 
Biodiesel is derived from oils either plant or animal to form mono alkyl ester which is 
similar to petroleum-derived biodiesel oil (Gui et al., 2008). Yaakob et al., 2012 adds 
that biodiesel, is a clear liquid with a light to dark yellow colour, insoluble in water, has 
a boiling point of over 200°C, a flash point between 145-175°C, a distillation range of 
195-325°C, and a vapour pressure (mmHg at 22°C) less than 5. Moreover, Gerhard 
Knothe et al. (2009) asserted that one of the major issues when using biodiesel is the 
fuel properties, which normally the properties differ from biodiesel fuel to biodiesel fuel 
due to the fact that the feedstock have different fatty acid profiles. 
2.5 Feedstock for Biodiesel Production 
2.5.1 Edible Oil 
The choices of raw materials depend on availability and cost where different country 
exploit the resources or oil that they have the most (Sharma and Singh, 2008). For 
instant USA and European Nations utilize soybean and rapeseed, coastal area like 
Malaysia and Indonesia employ abundant of palm oil, and lastly Brazil with sugarcane. 
In addition, Kumarair et al. (2011) highlighted that edible oil as feedstock which 
constitutes 80%-95% of the overall production cost is depend on its supply and reliable 
quality. However, Kulkarni and Dalai (2006) pointed that commercialization of 
biodiesel production from vegetable oil has big obstacle due to high manufacturing cost 
as virgin vegetable oil as raw material may cause a fortune and the production cost is 
proportional to the feed, plant size, and value of the glycerine byproduct. Furthermore, 
Gui et al. (2008) precisely bring up that there are many claims that a lot of problems 
may arise since more than 95% of the biodiesel is made from edible oil. Thus, large-
scale of food resources are actually being converted into automotive fuels creating 
imbalance to the food supply and demand market. The imbalance of food supply, result 
in people facing hunger and starvation around the world, has received enormous 
criticism from several non-govermnental organisations worldwide (Yaakob et al., 
2012). Consequently, affect the economic viability of biodiesel as renewable energy 
being as a commodity with higher price tag than petroleum diesel (Kumaran et al., 
2011). 
2.5.2 Non-edible Oils and Algae 
In the Mediterranean countries, there is an abundant production of olive pomace oil 
which is a non edible oil obtained from the olive pomace mainly originating from 
Peloponnesus and Crete regions (Che et al,, 2012). In addition, Olive pomace, which 
can be use as low cost support is an industrial byproduct of the olive oil production 
process, is obtained by squeezing the olive pulp usually further extracted with n-hexane 
yielding olive pomace oil (YUcel, 2011). Methods to produce biodiesel using the olive 
7
pomace as feedstock involving immobilized enzymes were also reported and seemed to 
be an available process despite a relatively complex work up (\ Alrouh et al., 2012). 
However, the high cost of enzyme remains a barrier for its industrial applications 
(Yticel, 2011) and a recent study on the concentrations of polycyclic aromatic 
hydrocarbons (PAR) in olive pomace oil revealed that the oil is hazardous to the human 
health due to the high PAH content (Che et al., 2012). 
In India, Jatropha curcas (jatophra) and Pongamia pinnata (karanja) are widely 
use to produce biodiesel with seeds possess 40% and 33% oil in each and both contain 
toxins and hence are non-edible (Sharma and Singh., 2008). Corro et al. (2010) add that 
Jatropha, is a drought-resistant tree belonging to the Euphorbiaceae family, which is 
highly drought-resistant species is adapted to and and semi-arid conditions and seeds oil 
has low acidity, good oxidation stability, low viscosity and good cold properties. Castor 
is another plant that has similar ecological requirements as Jatropha which can be found 
in many countries like United States, India and Australia. Gui et al. (2008) also included 
Sea mango but rarely cultivated in large scale or for commercial purposes. Rubber seed 
oil can be acquired without much cultivation and rubber trees are planted for latex 
production especially in tropical countries such as South East Asia and India. 
Beside oil extracted from plants, algae can be used as raw material for biodiesel as they 
are starved of nitrogen, oil is the mainly product. But in existence of sunlight algae 
convert carbon dioxide into sugars and proteins. The microalgal oil as lipids extracted 
from microalgae Chlorella protothecoides where the lipid content in the heterotrophic 
cells reached 55.20% as compared to 14.57% in autotrophic cells, has been successfully 
used for biodiesel production (Sharma and Singh, 2008). 
2.5.3 Cooking Oil (WCO) 
Other substitute feedstock like waste cooking oil alial fats which regularly wasted has 
been gaining prominence as an alternative feedstock for biodiesel production with a 
much lower cost and avoids the competition in the world market between food and 
renewable energy resource commodity. Besides, according to a report entitled "EPA's 
(Environmental Protection Agency) Renewable Fuel Standard Program Regulatory 
Impact Analysis" (Kumaran et al., 2011) released in February 2010, biodiesel produced 
from waste cooking oil has the potential to reduce the green house gases (GHG) 
emission for up to 86% compared to soy based biodiesel which only results in 57% 
8
reduction of GHG compared to fossil fuel. The waste cooking oil is obtained after 
several times of frying will contribute to the change in chemical and physical properties 
of the oil. Therefore the composition will be slightly different compared to the virgin 
oils. Boffito et al. (2012) claimed that the high waste cooking oil potential is also 
recognized by the EU (European Union) directive 2009/28/EC, from common vegetable 
oils, the greenhouse emission savings range from 36% to 62% based on the type of oils 
source, where waste vegetable or animal oil is reported to save about the 88% of 
greenhouse emissions, a quite high value if compared to biodiesel from virgin oil. 
2.6 Biodiesel Production 
There are several conventional techniques to produce biodiesel such as direct blending, 
microemulsification and pyrolysis. Direct blending is where the virgin oils are blended 
with fossil biodiesel to be used in the diesel engines and microemulsification is mixture 
of oil with water. Both of these techniques are meant to reduce the viscosity of the 
virgin oils but the risks are carbon deposition and lubricating oil contamination (Sharma 
and Singh, 2008). Meanwhile for pyrolysis, the oil is heated up for more than 100 °C 
but the outcomes are low value materials and sometimes produce gasoline instead of 
diesel. 
2.6.1 Transesterification Reaction 
Transesterification is a popular reaction that produces mono-esters that are termed as 
biodiesel with byproducts obtained in the form of glycerol by reacting triglycerides and 
alcohol in the present of catalyst as shown in Figure 2.4 below. 
C 
svvwjjvvvvvwvtL_0
	 HO 
^ 
O	 CatIyst 
+ ROH  
o	 FAME (faty acid methylesters) 
%I /U_0	 Glycerol 
Figure 2.4: Transesterjficatjon reaction of triglycerides (Y.C. Sharma, B. Singh., 2008) 
Parameters that need be take caution before proceed with transesterification are Free 
Fatty Acids (FFA), water content, molar ratio of alcohol and triglycerides, types and 
amount of catalysts, reaction temperature and lastly rate and mode of stirring. With 
level of FFA vary with type of oil, free fatty acids level in the oil should be below the
desired level. According to Sharma et al. (2008), the range of FFA should not exceed 
3% for trans reaction, otherwise the reaction will not take place or soap will be formed. 
On the other hand, Gan et al. (2010) claimed that the feedstock used for 
transesterification should contain no more than 1% of FFA to avoid the formation of 
soap which hinders the final separation of FAME (fatty acid methylesters) from 
glycerol and reduces the yiled of FAME. They also found that waste cooking oil with 
high content of FFA will contribute to hydrolysis of triglycerides, which consumes the 
catalyst and lowers the yield of biodiesel. Lam et al. (2010) also mentioned that when 
water is present it can hydrolyze triglycerides to diglycerides and form free fatty acid, 
especially at high temperatures. The FFA will consequently react to form soap with the 
presence of base catalyst. In order to prevent these problems, a pre-treatment process 
which is called esterification process need to be done before transesterification (Srilatha 
et al., 2009). 
2.6.2 Esterification Reaction 
Acid esterification have been found to reduce the high FFA content in the oil. The 
reaction is usually progressed by a Bronsted acid and if the oil source has high free fatty 
acid (FFA) content, esterification is generally favored as the FFA also converted to 
biodiesel. Esterification is process where fatty acids react with methanol by using acid 
catalyst and produced fatty acid methyl ester (FAME) and water as show in Figure 5.4.2 
below.
0	 Cs1H2PW12O40	 0 
11	 11 
R 1 — -0H + C1430H	 R1—-OCH3 + H20 
Fatty acid
	 Methanol	 FAME	 Water
Figure 2.5: Esterification reaction by K. Srilatha et al. (2012) 
The downside of esterificatjon compare to transesterification is a slow reaction rate and 
this is why esterification is favorable only as pre-treatment process (Lee et al., 2009). 
Another major weakness stated by Abiney L. Cardoso et al. (2008) are the reactor 
Corrosion and the great generation of wasted due to neutralization of the mineral acid 
with the wall of the reactor.
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Various conventional mineral acids such as H2SO4, HF, H 3PO4 and HC1 are used as 
catalyst to carry out esterification process. Solid acid catalysts like W03/Zr02, 
H3PW12040/Zr02 H3PW12040/Ta205 , H3PW12040/Nb205, H3PW12040/Sn02, Cs-doped 
heterOpolY acid catalysts, carbohydrate-derived solid acid, cerium trisdodecyl sulfate 
and propylsulfonic acid-functionalized mesoporous silica (Srilatha et al., 2012), are 
active only at high temperatures and most of these catalysts are studied for esterification 
as individual acids. Typical strong Bronsted acids are Heteropoly acids (HPAs) and 
catalyze a wide variety of reactions in both homogeneous and heterogeneous phases, 
offering more efficient and cleaner processes (Srilatha et al., 2009). Riccardo Tesser et 
al. (2010) claimed that ionic exchange resins which frequently used as catalysts in the 
esterification of fatty acids mixtures going through the deactivation phenomenon is 
mainly due to the ionic exchange of the proton with iron or other metals that can be 
present during their storage in tanks in the feedstock probably as a consequence of the 
corrosive action of free fatty acids. 
Abiney L. Cardoso et al. (2008) confirmed ester hydrolysis can occur under 
either esterification or transesterification, esterification is usually believed to be more 
tolerant of water content and high free fatty acids levels in the initial feedstock and, 
thus, more suitable for low-grade fats and greases. Suyin Gan et al. (2010) proposed the 
esterification rate was fast when the water content was minimal. This is because, as the 
forward reaction continued, water content in the reaction mixture gradually increased 
due to high production of water as a byproduct. 
Modhar A. Khan et al. (2010) study showed that optimum reaction conditions for free 
fatty acid reduction were investigated were found to be 65°C, 15:1 methanol to oil ratio 
and 0.5 wt% sulphuric acid using fractional factorial design of experiment based on 
Taguchi method. Additional from their analysis of reaction parameters concluded that 
the lowest effect is the catalyst followed by alcohol amount and the temperature had the 
highest effect over free fatty acid reduction. The esterification of the FFAs present in 
WCO with methanol was catalyzed by 25 wt.% Nb 205 catalyst, a tungstophosphoric 
acid (TPA) at a methanol to WCO molar ratio of 14:1, reaction temperature of 65 °C 
with 1.65 wt.% (with respect to the initial oil mass) catalyst loading and from the results 
it could be observed that the fatty acid conversion increased gradually with time and 
remained almost constant beyond 5 h of reaction time (Srilatha et al., 2012).
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2.7 Summary 
We can sum up that different catalyst has its own specific alcohol to oil ratio with 
particular temperature and stirring speed to achieve optimum yield of FAME.
12
3 MATERIALS AND METHODS 
3.1 Overview 
This paper presents the method to evaluate the performances of the reaction with three 
different parameters in similar, condition by varying the value of each parameter to 
obtain the experimental data. 
3.2 Introduction 
This paper presents a a review of the esterification reaction, setup process and how the 
experiment is run in complete step by step procedures. 
3.3 Chemicals 
Virgin cooking oil, sulphuric acid 96% w/v, p-naphtholbenzein (indicator grade), 
Potassium hydroxide concentrate for 1L standard solution (0.1 M KOH), oleic acid, 
toluene (reagent grade), isopropanol (reagent grade) and methanol. 
3.4 Sample Preparation 
Simulated waste cooking oil is used for this experiment by adding Oleic acid into virgin 
cooking oil until it reach acid number of ten which is equivalent to 5% free fatty acids. 
3.5 Apparatus Setup 
The apparatus for the pre-treatment process is set up as shown in Figure 3.1. The reactor 
is put inside the heating mantle and the reactor is sealed with metal holder together for 
both the top and bottom part of the reactor. One of the holes on top of the reactor is 
fitted with a condenser and the others with stoppers. Two of the stoppers have small 
hole in the middle of them to accommodate the mechanical stirrer rod and the 
thermometer
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Figure 3.1: Apparatus Setup 
3.6 Experiment Procedure 
After all the apparatus is properly arranged as in Figure 4, the simulated waste cooking 
oil and methanol with selected ratio are poured into the reactor. Then, the reactor is 
heated up by the heating mantle and the mechanical stirrer is adjusted at chosen rpm to 
distribute the heat evenly. The mixture is continuously heated up and stirred until the 
te
mperature is constant for around 10 minutes at the designated temperature. After that, 
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0.5 wt% of catalyst is poured inside the reactor and the timer is started. The sample of 
the mixture is taken every thirty minutes for three hours and immediately after 
sampling, the samples are analyzed using D974-09 standard test method for the free 
fatty acids values. For every test, one parameter is manipulates at a time while the other 
parameters remained constant. The parameters that manipulated for this experiment are 
the temperature, rpm and methanol-oil ratio.
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3.7 Sample Test Method (Acid Number Determination) 
The samples are analyzed using D974-09 standard covers the determination of acidic or 
basic constituents in petroleum products and lubricants soluble or nearly soluble in 
mixtures of toluene and isopropyl alcohol. First, Titration Solvent is made by adding 
500 mL of toluene and 5 mL of water to 495 mL of anhydrous isopropyl alcohol (2-
propanol). The titration solvent was made up in large quantities. Then, the p-
naphtholbenzein indicator solution is prepared in titration solvent equal to 10 ± 0.01 
gIL. 
First, the sulphuric acid in the sample of oil mixture is neutralized by introducing 
calcium carbonate to the sample. Then, 2g of oil mixture sample is added into a 250 ml 
Erlenmeyer flask. 100 mL of the titration solvent (100:99:1 mixture of Toluene, 
Isopropyl alcohol and water). Then, 0.5 ml of indicator solution is added to the titration 
flask from a dropping bottle with a graduated dropper. The solution is swirled to mix in 
the indicator until entirely dissolved by the solvent and mixture of a yellow-orange 
color is obtained, agitation is avoided. Finally, Load burette with 0.1MKOH in 
isopropanol beforehand. Without delay, titration is initiated by adding 0.1 M KOH 
solution in increments and mixed to disperse the KOH as necessary. Shake vigorously 
using magnetic stirrer near the end point, but avoid dissolving carbon dioxide (CO2) in 
the solvent. In this test of acidic oils, the orange color changes to a green or green-
brown as the end point is approached. When the solution first turns green or greenish 
brown, reduce the increment size to drop wise. Continue until a persistent green or 
green-brown end point is reached. 
3.8 Free Fatty Acids Calculation 
This For the calculation, a blank titration is performed on 100 mL of the titration 
solvent and 0.5 ml of the indicator solution, adding 0.1-mL or less increments of the 
0.1 M KOH solution. The titration solvent usually contains weak acid impurities which 
react with the strongly. basic components of the sample. To correct the base number for 
the sample, an acid number blank upon the solvent is determined. 
Calculate the acid number as follows: 
Aclid n:umber, mg of KOHJg = [(A - B)M x 56.1]/W	 equation (1)
r;i
A = KOH solution required for titration of the sample, mL, 
B = KOH solution required for titration of the blank, mL, 
M = molarity of the KOH solution, and 
W = sample used, g. 
Free Fatty acid, %	 Acid number,mgofKoH/g 
2
equation (2)
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